Abstract: Sumathi and Rao (2008) (Sumathi and Rao (2010) 
Introduction
The widely used model in survival analysis is the Cox (1972) proportional hazards (PH) model. This model is based on the assumption that every individual in the population under study is susceptible to an adverse event such as a disease, and will eventually experience this event if the follow-up is sufficiently long. But the advancement in recent medical research has shown that a large proportion of the diseased population is being cured of various chronic diseases such as epilepsy and cancer. Hence, the commonly used Cox (1972) PH model is not applicable here because of its assumption, which in turn has led to the development of cure models.
The cure models are survival models basically developed to estimate the proportion of patients cured from cancer of mouth and throat, cervix, uteri and breast. Using these models, the investigator can also study the causes for the failure of the treatment in the uncured group of patients and obtain the trends in the survival of patients suffering from cancer. The two cure models that are extensively used are the mixture model developed by Boag (1949) and the bounded cumulative hazard (BCH) model proposed by Yakovlev, et.al. (1993) .
The mixture model and the BCH model are applicable only when the study variable is the time to occurrence of an adverse event. The models do not consider the possibilities of the recurrences of the events. For example, diseases like epilepsy and malaria could recur during the lifetime of an individual. Sumathi and Rao (2008) proposed a cure model for recurrent event count data. The proposed model turned out to be the zero inflated Poisson (ZIP) model. Some recent references on zero inflated models include that of Bhattacharya, et. al. (2008) , Williamson, et. al. (2007) , Czado and Min (2005) and Gupta, et. al. (2004) . While Bhattacharya, et. al. (2008) have considered a Bayesian test for testing excess zeroes in a zero inflated power series distribution, Williamson, et. al. (2007) have presented power calculations for ZIP models based on the conventional likelihood ratio and Wald tests. The study based on the performance of the score test on the zero inflated models can be found in Czado and Min (2005) and Gupta, et. al. (2004) .
Several tests were proposed by Sumathi and Rao (2010) for testing the cured proportion in recurrent event count data when no covariates were considered. Kannan, et. al. (2010) have proposed a cure model based on generalized exponential distribution that incorporates the effects of covariates on the survival time of individuals.
In any health related studies, whether epidemiological or long term follow up studies, it is very essential for an investigator to record the information of patients regarding their demographic and socioeconomic status as well as their medical history, at the time of clinical examination. These factors, commonly known as covariates, do play a vital role in influencing the health status of the individuals.
The present paper is an extension of the work of Sumathi and Rao (2010) . While the work by Kannan, et. al. (2010) is applicable when the variable of interest is continuous, viz., the time to occurrence of an event, the present paper is applicable in situations where the variable of interest is discrete, i.e., the number of recurrences of an event. The paper proposes tests for testing the cured proportion where the covariates in the study are related to the mean parameter of the proposed cure model using a log link function. Although testing for 0  p has been done in the past (Broek (1995) ), testing for   0 0 pp  has not been studied for the ZIP model.
The rest of this paper is organized as follows. Section 2 discusses the estimation of the parameters of the model. In section 3, tests are proposed for testing the cured proportion, i.e., for testing , 0 p p  in the presence of covariates. Section 4 gives the small sample performances of the tests with respect to their type I error rates and their powers. Section 5 concludes with a discussion.
The results of the simulations indicate that a variant of the Wald test (see section 3 for details) emerges as the best test in terms of maintaining type I error rates and having comparatively more power than the remaining tests. The small sample comparison of the powers of the proposed tests, indicate that the powers of the tests are more when a continuous covariate is used rather than when a discrete covariate is used. This conclusion strengthens the findings arrived at by Bhatta (2003) and does not encourage the categorization of a continuous covariate such that it becomes discrete, as in the case of tumor size being categorized as 1, 2, 3, etc., when the actual sizes of the tumors are known.
Notations and Estimation of parameters
As mentioned earlier, the model proposed by Sumathi and Rao (2008) 
The expected Fisher information matrix is given by 
The following theorem establishes the asymptotic normality of the ML estimators of the proposed model.
Theorem:
Under suitable regularity conditions, 
Tests for cured proportion for recurrent event count data -Uncensored case with covariates
www.iosrjournals.org 50 | Page
Tests for cured proportion
Just as has been done in Sumathi and Rao (2010) 
Likelihood Ratio Test (LRT)
The LRT statistic for testing the null hypothesis
The asymptotic null distribution of 1 W is central chi-squared with one degree of freedom. The signed LRT statistic for testing one sided alternatives is given by
Wald Test
The Wald test statistic for testing the null hypothesis
where the standard error of Rao (1947) proposed the score test. The advantage of this test is that when the hypothesis is simple, the computation of the MLEs is not required. Details of the score test are available in Rao (1973) , Cox and Hinkley (1974) and Severini (2000) . The score test statistic is given by 
Score Test
W is central chi-squared with one degree of freedom.
For the one sided alternative hypothesis, the signed score test statistic, which has the same form as the signed LRT statistic given by (7), can be proposed. Asymptotically, the LRT, Wald and the score tests are equivalent under the null as well as the alternative hypotheses. The results follow from the standard asymptotics for the LRT, Wald and the score tests. For details, see Cox and Hinkley (1974) and Severini (2000) . The small sample performances of these tests differ. The results of the simulations discussed in section 4.2 indicate the same. W given by (9).
Variants of the Wald and the Score Tests

New Variants of the Score test
Motivated by the work of Sumathi and Rao (2010), six new variants of the score test are proposed in addition to the tests proposed above. The test statistics are as follows.
Tests 
Small sample performances of the test statistics
As has been done in Sumathi and Rao (2010) 
Description of the simulation experiment
In the present study, only one covariate has been considered. However, this does not restrict the generality of the test statistics when there are  were determined such that the average value of  would be 3. The observed Fisher information matrix was used for the simulations since the practitioners are more likely to use the observed Fisher information matrix rather than the expected Fisher information matrix to carry out the tests. For the zero inflated Poisson distribution considered in the present paper, the observed conditional Fisher information matrix is given by 
The value of k was 1 since only one covariate has been used.
Small sample type I error rates
The performances of the tests with reference to the attained level of significance ( the nominal level α). When two tests under consideration fail to maintain type I error rates, the test which is conservative is preferred to a test which is liberal.
In the following paragraphs, comparisons between the tests are made in the order of their performances with reference to their ability to maintain type I error rates. W are conservative at all the six configurations. W were conservative at all the 6 configurations. Table 3 summarizes the performance of the thirteen tests with respect to the number of times the tests maintain type I error rates, the number of times they become conservative and the number of times they are liberal, for the various simulation configurations considered. Based on the tables 1, 2 and 3, it is clear that the score test 4 W stands first followed by the Wald test 3 W and the likelihood ratio test (LRT) 1 W , irrespective of the covariate being continuous or discrete, when evaluating the performances of the proposed tests based on type I error rates.  , when the sample size was n =20. As seen in the absence of covariates (Sumathi and Rao (2010) ), the score test and its variants exhibited fluctuations in the power functions (decreasing, or randomly decreasing and increasing after a certain stage) rather than increasing on either sides of the specified value of the inflate parameter. For details, see Sumathi and Rao (2010) , and also Sumathi and Rao (2011) . But, as the sample size increased to 40 and 80, the Williamson, et. al. (2007) have derived the asymptotic expressions of the power functions of the likelihood ratio, Wald and score tests for a two sample ZIP model. The small sample power comparisons of the three tests were also studied. The sample size used for simulations in Broek (1995 
Small sample power comparisons
. However, the finite sample computations of these tests being intensive, calls for a separate investigation and is beyond the scope of the present paper. 
